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BACKGROUND A script concordance test (SCT) is a modality for assessing clinical reasoning. Concerns had been raised about the plausible validity threat to SCT scores if students deliberately avoided the extreme answer options to obtain higher scores. The aims of the study were firstly to investigate whether students' avoidance of the extreme answer options could result in higher scores, and secondly to determine whether a 'balanced approach' by careful construction of SCT items (to include extreme as well as median options as model responses) would improve the validity of an SCT.
METHODS Using the paired sample t-test, the actual average student scores for 10 SCT papers from 2012-2016 were compared with simulated scores. The latter were generated by recoding all 'À2' responses to 'À1' and '+2' responses to '+1' for the whole and bottom 10% of the cohort (simulation 1), and scoring as if all students had chosen '0' for their responses (simulation 2). The actual average and simulated average scores in 2012 (before the 'balanced approach') were compared with those from 2013-2016, when papers had a good balance of modal responses from the expert reference panel.
RESULTS In 2012, a score increase was seen in simulation 1 in the third-year cohort, from 50.2 to 55.6% (t [10] = 4.818; p = 0.001). Since 2013, with the 'balanced approach', the actual SCT scores (57.4%) were significantly higher than scores in both simulation 1 and simulation 2 (46.7% and 23.9% respectively).
CONCLUSIONS When constructing SCT examinations, apart from the rigorous preexamination optimisation, it is desirable to achieve a balance between items that attract extreme responses and those that attract median response options. This could mitigate the validity threat to SCT scores, especially for the low-performing students who have previously been shown to only select median responses and avoid the extreme responses. INTRODUCTION A script concordance test (SCT) is a modality for assessing clinical reasoning and data interpretation skills in the context of uncertainty. The SCT, introduced in 2000 by Charlin, aimed to assess the higher-order clinical reasoning skills of medical students. 1 In a classical SCT question, a clinical scenario is presented in the question stem and the students are then asked to assess whether an additional piece of information increases or decreases the probability of the proposed diagnosis, investigation or management on a five-point Likert scale. In an SCT question looking at the probability of a diagnosis, for example, if the additional information makes the probability of the diagnosis much more likely, the student will choose '+2', for more likely a '+1', for neither less nor more likely a '0', for less likely a 'À1', and for much less likely a 'À2'. A sample SCT question is shown in Table 1 . Each question under the same clinical scenario is intended to be independent of the other questions; that is, each additional piece of information is not influencing the probability of the diagnosis in the other questions. For Q3 in the sample questions, in thinking of the diagnosis of carcinoma of the colon, the student will not consider the additional information of a normal blood glucose or thyroid stimulating hormone (TSH) level. 2 Although it can be hard for examinees to simply 'disregard' previous hypotheticals and data in each question, they are reminded of the need to do this during the pre-examination briefing.
To score the SCT items, the student's selection is compared with the decision of an expert clinician panel. A full mark will be given if the student's response is in concordance with the majority of the panel (that is the panelists' modal response). A partial score will be awarded if the response is in concordance with the minority and a zero score for a response that no panelist had selected. An example of the scoring system is shown in Table 2 . 3 A minimum of 10 and preferably 15 clinicians would make the scoring process more reliable. 4 The SCT has been used in undergraduate medical school examinations as well as in postgraduate fellowship training. Successful implementation of Table 1 Sample script concordance test questions
Clinical scenario
A 45-year-old woman presents to the general practitioner clinic with weight loss of 5 kg in 2 months. She has no significant past medical history.
If you were thinking of . . . and then you find that . . . this hypothesis becomes . . .
Q1. Diabetes mellitus Normal fasting blood sugar
À2: much less likely; À1: less likely; 0: neither more nor less likely; +1: more likely; +2: much more likely. TSH = thyroid stimulating hormone script concordance testing has been documented in medicine, surgery, paediatrics, emergency medicine, anaesthesia, psychiatry and ethics. [5] [6] [7] [8] [9] [10] Script concordance testing has also been used to assess clinical reasoning in other health care professions (e.g. optometry and physiotherapy). 11, 12 There is evidence of SCT validity and reliability in the literature 9,13-15 but these remain issues of ongoing debate. 16, 17 The reliability of SCT scores has been reported to be around a Cronbach's alpha value of 0.7-0.85. 9, 14 The construct validity of script concordance testing has been shown by various studies demonstrating progression of SCT scores from undergraduate medical students to postgraduate fellows in training. 8, 15, [18] [19] [20] However, a recent study has suggested that the aggregate partial credit scoring method used in SCTs could be subjected to validity threats. 17 Lineberry et al. showed that students who avoided selecting the extreme response options (i.e. 'À2' or '+2') as a 'strategic' answering approach outperformed other examinees who used the Likert scoring scale as it was intended (consideration of all response options). In their study involving selected SCT of 40 items, these authors found that by simulating the avoidance of extreme response options and recoding all responses of 'À2' and '+2' to 'À1' and '+1', respectively, a phenomenon they called 'score inflation' was observed (i.e. the hypothetical examinees' mean score increased from 49.5 to 69.2%). In the same test, a hypothetical examinee who only choose to answer '0' for all items would score 57.6%, which would be 8% more than the cohort mean score not using this strategy. 17 This significant increase in the examinees' scores is similar to the response-style coaching strategies described in situational judgement tests, which also use a partial aggregate scoring approach. 21, 22 In another study using two sets of 96-item SCTs on pulmonary and critical care for postgraduate trainees, simply avoiding extreme answers boosted the Z-scores of the lowest 10 scorers on both SCT sets by ≥1 SD. 14 The author concluded that increasing the proportion of SCT items with extreme response options (i.e. '+2' and 'À2') would attenuate the potential benefit in scores from adopting an 'avoidance of extreme responses approach'.
Earlier research has revealed that students whose SCT scores were in the lowest quartile were more likely to avoid the extreme answer options in answering SCT questions. 23 Given this finding and prior research demonstrating that students who only selected median responses could potentially achieve SCT examination scores that reflected their test taking, rather than clinical reasoning abilities, 17 further research was warranted to test this hypothesis in another setting.
Aims
The study had the following three aims.
1 To investigate whether avoiding the extreme options in SCTs would result in an increase in the average SCT scores for the whole cohort or for the bottom 10% of cohorts. 2 To investigate through a simulated scoring activity, the outcome of examinees who select only the 'neutral' options ('0'). 3 To determine whether use of pre-examination test optimisation by selecting a logical 'ideal' response pattern, and careful construction of SCT items (to include items with both extreme as well as median responses as the modal responses from the expert reference panel), would reduce the likelihood of students benefiting from a potential 'strategic answering approach', and improve the validity of the SCT scores.
METHODS

Preparation of SCT items and expert panel responses
The School has been implementing SCTs in the summative examinations for Year 3 and Year 4 clinical students in the 4-year graduate-entry medical programme since 2012. Each SCT examination contains 40 SCT items incorporated as the second part of a multiple-choice written paper. The SCT examination in each year covers different disciplines aligning with the specialty teachings relevant to the year; for example, paediatrics, psychiatry, medicine, and obstetrics and gynaecology in Year 3, and anaesthesia, emergency medicine and surgery in Year 4. Therefore, the SCT questions are different between Year 3 and Year 4. After the Year 3 summative examination, no specific feedback is given to the students as the database of summative SCT questions is limited. However, practice SCT questions with the respective expert clinician panel scores are provided in the middle of the year to each year group as a formative examination.
The expert clinician reference panel consists of practising specialists and general practitioners who are currently involved in the teaching and supervision of the students. The number of clinicians in the panel ranges from 15 to 20 depending on the year of the examination. As previously reported, to set the pass or fail score of each SCT examination we used the expert reference panel's mean minus 4 standard deviations (SDs) as the cut-score. This optimisation process is an existing inherent validity measure in the SCT development process, and is quite different from the usual 'canonical' approach in SCT item selection. 24 In each year, as a result of this optimisation process, around 20-30% of the SCT items are discarded or modified because of this discordance in response pattern amongst clinicians (i.e. extreme expert disagreement) on the panel. The process is an important quality control measure in SCT examination development to ensure both the content and construct validity of the test.
Starting from 2013, apart from fulfilling the usual assessment blueprint and the above-mentioned test optimisation process, an additional quality assurance process has been in place to ensure each SCT paper is made up of items with a roughly equal distribution of extreme ('À2' or '+2') and median ('À1', '0' or '+1') modal responses by the expert reference panel. This is referred to here as the 'balanced approach'.
A sample SCT examination with this 'balanced approach' is shown in Table 3 .
Data analysis scores after simulated rescoring, for the whole cohort, were firstly analysed by score quartiles, to investigate a possible ability-treatment effect. Then, average SCT scores for the bottom 10% in each academic year from 2012 to 2016 were compared with the respective simulated average scores using the paired sample t-test.
Simulation 2. The second simulation involved scoring as if all students had chosen '0', the 'neutral' response option in the middle of the Likert-style response scale, for their responses to all 40 SCT items.
An example of the two simulations is shown in Table 4 . The two simulations were performed to replicate the two previous studies raising concerns about the validity threats to SCT scores as a result of a potential student strategy of avoiding extreme answer options. 14, 17 To also investigate the impact of a 'balanced approach' to SCT test construction, which has been adopted since 2013, pre-intervention scores from 2012 were compared with postintervention scores (2013) (2014) (2015) (2016) Table 5 .
Simulation 1: effect on SCT scores
The effect of simulation 1 (recoding of extreme answer options) on SCT scores for all students in each academic year, analysed by quartile, was examined. Figure 2(a-e) shows the original and simulated scores from 2012 to 2016, respectively, by quartiles. In 2012 (Fig. 2a) , before the 'balanced approach' was introduced, the avoidance of extreme answer options did not seem to have a huge impact on SCT scores, as indicated by the closeness between the two line-graphs for original and post-hoc simulated recoded scores. Figure 2 (a) also shows that in 2012, students in the bottom quartile may All full marks (modal responses) highlighted in bold. 
have achieved slightly higher SCT scores simply by avoiding the extreme answer options. For 2013-2016 (with the 'balanced approach'), avoidance of extreme answer options has clearly resulted in a significantly lower score across the whole cohort irrespective of the performance quartile.
As a result of our experience and reports from the literature concerning the test-taking strategies potentially adopted by poorer performing students, the actual SCT scores and the post-hoc recoded scores of the bottom 10% of the students in each cohort in the 10 SCT papers were also compared using the paired sample t-test. Table 6 These comparisons are represented pictorially in Appendix S1 to highlight the findings: for the bottom 10% of students in the 2012 Year 3 cohort, avoidance of extreme answer options has resulted in a significant increase in SCT score, whereas in 2013-2016 after the adoption of the balanced approach, the same answering strategy produced significantly lower overall SCT scores for the bottom 10% of students in each paper.
Simulation 2: effect on SCT Scores
In simulation 2, the data for the 2012 Year 4 cohort indicate that a student could theoretically score a pass (51.3%) just by choosing '0' to all questions in the examination. In 2013 to 2016, after the implementation of the 'balanced approach' in compiling each SCT paper, the same test-taking behaviour would result in a definitive fail in the examination, with a score of 13.7-35% (Table 7) .
DISCUSSION
This study has investigated a possible intervention that may mitigate one of the threats to SCT validity as a result of construct-irrelevant differences in examinee's response style. The latter is an issue previously raised by authors such as Lineberry, 17 who had shown that a medical student's use of the strategy of avoiding extreme answer options in SCTs may potentially impact on the validity of his or her test results. The current study has shown that SCT test optimisation processes, such as balancing the distribution of the expert reference panel's modal answers for items in SCTs across the whole continuum of the Likert response scale, and controlling for other conceptual or logical flaws in partial aggregate scoring used for the conventional SCTs, has the potential to further enhance the validity of SCT scores. More specifically, with the addition of the 'balanced approach' as an additional step in the test optimisation processes for script concordance testing, examinees who potentially choose to deliberately avoid extreme answer options, or simply select the 'neutral' answer options, would get significantly lower, rather than higher, SCT scores.
In both simulation 1 and simulation 2, using baseline data from 2012 for the 10% of students with the lowest SCT scores (before the adoption of a 'balanced approach'), deliberate avoidance of extreme answer options seemed to result in signs of score 'inflation' (i.e. increase in SCT scores). This is consistent with the findings reported from previous studies. 14, 17 The analysis of baseline data for all students in 2012 prior to the implementation of a 'balanced approach' also shows that there was an interaction effect between examinees' ability (using score quartiles as a proxy) and the prevalence and extent of score 'inflation' through deliberate avoidance of extreme answer options (Fig. 2a) . There is supporting evidence for this from a recent study that demonstrated that students whose SCT scores are in the lowest quartile are more likely to use this test-taking strategy (avoidance of extreme response options). 23 The current study has provided further empirical evidence that the implementation of the 'balanced approach' since 2013 has mitigated the concern that a test-taking strategy could result in an increase in SCT scores, and threaten the validity of the SCT scores.
In fact, with the balancing of the SCT items in the examination, the potential strategic answering approach would result in a much lower score, as demonstrated in the two simulations conducted in this study. We therefore suggest that careful construction of SCT items and an additional test optimisation process based on the expert reference panel's response pattern in SCT items (the 'balanced approach'), could remove the potential 'score inflation' previously described. 17 When informing students about the structure of SCT and how to appropriately approach and answer SCT items, it may be necessary and beneficial to emphasise the fact that, as an inherent validity feature built into the design of each SCT paper, there is always a somewhat balanced distribution of median and extreme options in the expert panel's modal answers that will attract a full mark. Students should be urged to respond according to their knowledge, understanding and reasoning, using all available information, for each case. Any deliberate attempt to use any test-taking strategy will not be advantageous, but, on the contrary, may disadvantage their SCT scores.
Apart from fulfilling the usual assessment blueprint requirements, a balanced distribution of extreme and median options in the modal responses by the expert reference panel is certainly a useful validity feature that can be built into the SCT test development process (i.e. as the final step in the routine SCT test optimisation process). This is particularly important if a partial credit aggregate scoring algorithm is used.
It is important to acknowledge that there are other validity concerns about script concordance testing, particularly in relation to the logical inconsistency of the answer responses and the accuracy of the expert panel's answers compared with the evidencebased likelihood ratios. 16, 17 The pre-existing test optimisation procedures adopted in the study context have addressed the concern over the faulty logic of aggregated scoring in SCTs. 17 The selection of only the 'ideal' responses from the panel and reducing the experts' disagreements results in a test focusing on clinical reasoning and data interpretation for clinical scenarios with relatively clear modal answers. Examinees will still score if they veer slightly in either direction from the modal answer response. Elimination of items with 'bimodal' and 'discrete outlier' response patterns from the expert reference panel, through the preexisting test optimisation procedures, has somewhat alleviated the extreme complications in reliability estimation from the usual canonical SCT aggregated score.
This study has only been able to focus on addressing one of the validity concerns regarding SCTs. Others, such as SCT standard setting, are issues for further investigation elsewhere. Limitations of the current study also include the unequal number of data points for pre-(2012) and post-intervention with a balanced approach (2013) (2014) (2015) (2016) , and the fact that this is a study in the context of one medical school. The former arose because of the need to adopt the balanced approach to SCT item construction and test optimisation, once the potential threat of the aggregate partial credit scoring methods to test validity was revealed. The potential for score inflation by low-performing students avoiding extreme response options was a result found in our, as well as other, settings.
We need to ensure that the items selected in the rigorous item optimisation procedures do not lead to deviation from the assessment blueprint established for each SCT paper. In other words, the content validity, particularly its alignment with the construct of interest (i.e. decision making in the context of clinical uncertainties in the real clinical setting), should not be compromised as a result of deliberate measures to mitigate the potential for a test-taking strategy to increase students' scores and threaten SCT validity. Sharing of a larger pool of SCT items spreading across disciplines with other medical schools would facilitate development of a database of carefully constructed and high content validity SCT items aligned with the construct of interest for use in the assessment of all senior medical students.
To further understand the utility of SCT in assessment of undergraduates' clinical reasoning, the think-aloud method has been proposed to allow the students to justify the reasons for choosing a particular response option in answering the SCT. 25 This process may help address the concern raised by Kreiter (2012) 26 that there is no firm evidence of the clear relationship between the purported construct of the SCT (clinical data interpretation) and the response process of examinees. Indeed, in a response to this, Lubarsky et al. 27 have suggested 'think-aloud' or concept mapping protocols might also help to shed further light on examinees' use of probability versus typicality-based reasoning strategies in responding to SCT items. As a result of the current study, we highly recommend investigation and routine monitoring of evidence for possible validity threats in SCT scores when SCTs are used for summative purposes. CONCLUSION We would like to reiterate that, in interpreting the findings from this study, one should note the fact that this simulated investigation of plausible validity threats to SCT scores as a result of test-wise examinees deliberately avoiding the extreme answer options, was carried out in a context where there has been considerable pre-existing and inherent validity measures in place to control for more fundamental conceptual flaws associated with the aggregate partial credit scoring approach (based on an expert reference panel's responses). It was never the intention to paint a simplistic and reductionistic view through this manuscript, that the 'balanced approach' (i.e. the intervention investigated in this study) is the ultimate solution for all potential validity threats and issues with SCTs. On the contrary, we recommend that the hypotheses and conclusion derived from this study be further tested in other medical education settings.
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